The neural cell adhesion molecule NCAM regulates neuritogenesis by multiple mechanisms of interaction.
The neural cell adhesion molecule NCAM and its glycosylation with polysialic acid (polySia) are crucially involved in proliferation, migration and differentiation of neural progenitors. Modification with polySia, homophilic and heterophilic interactions set the function of NCAM, but little is known on their interplay. We have shown recently that removal of polySia induces neuronal differentiation via heterophilic NCAM interactions at cell contacts between SH-SY5Y neuroblastoma cells. Here we analyze the additional impact of NCAM-positive fibroblasts as a ligand-presenting cellular environment, a model often used to demonstrate the neuritogenic effect of homophilic NCAM interactions. Native SH-SY5Y cells did not respond to interactions with fibroblast NCAM. However, after induction of neuronal differentiation by retinoic acid the previously ineffective NCAM signals activated extracellular signal-regulated kinase (ERK) and promoted neuritogenesis. Removal of polySia increased neuritogenesis in retinoic acid-treated cells additive to the NCAM substrate effect. The change in responsiveness to substrate NCAM was associated with a rearrangement of polysialylated NCAM away from its enrichment at homotypic cell-cell contacts and with the appearance of non-polysialylated NCAM, i.e. changes facilitating NCAM interactions with the substrate. Thus, heterophilic and homophilic NCAM interactions are integrated into the cell's response yet they have the capacity to independently trigger neuritogenesis. The actual occurrence of each of these interactions, however, depends on the cellular context, targeted cell surface presentation of NCAM and the dynamic regulation of its modification by polysialic acid. In summary, this study reveals how the complex interplay of NCAM interactions and polysialylation provides an elaborate system to regulate neuritogenesis.